Fatty acid synthesis from acetate in extracts of Saccharomyces cerevisiae strain LK2G12 was shown to be stimulated by a-glycerophosphate and citrate, and by a number of compounds related to them. Magnesium was shown to stimulate fatty acid synthesis from acetyl-coenzyme A but not from malonyl-coenzyme A, thus indicating the site of stimulation of fatty acid synthesis to be the acetyl-coenzyme A step.
Tricarboxylic acid cycle intermediates are known to stimulate fatty acid synthesis in extracts of animal tissues (2, 3, 7, 15) . In addition, glycolytic intermediates, including ca-glycerophosphate, have been shown to stimulate fatty acid synthesis in such preparations (1, 9) . In some of these systems, acetyl-coenzyme A (CoA) carboxylase was shown to be the rate-limiting enzyme of fatty acid synthesis (6, 18) , and tricarboxylic acid cycle intermediates were found to increase the rate of acetyl-CoA carboxylation (7, 8, 14, 16) . Most of the work on this effect has been concerned with extracts of animal origin, but recent reports from this laboratory have indicated that tricarboxylic acid cycle intermediates and intermediates of the glycolytic pathway, especially a-glycerophosphate, stimulate fatty acid synthesis in extracts of Saccharomyces cerevisiae (19, 20) . The results reported here confirm and extend these findings.
MATERIALS AND METHODS
Information on the organism used in this study, S. cerevisiae strain LK2G12, its cultivation, harvesting, disruption, and subsequent centrifugal fractionation is given in earlier publications (11, 19, 20 manganese and magnesium was similar. The addition of manganese caused a 13-fold stimulation at 3 X 103 M, whereas magnesium caused this amount of stimulation at about 15 X 10-3M. However, since the first enzyme involved in the synthesis of fatty acids from acetate, acetyl-CoA synthetase, is known to be inhibited by magnesium (5), it seemed possible that the full potential of magnesium was obscured in testing fatty acid synthesis from acetate; therefore, the effects of the two metals were tested on fatty acid synthesis from acetyl-CoA. The results in Table 3 show that magnesium caused much higher levels of stimulation than did manganese. To ascertain whether the magnesium effect was localized at the acetyl-CoA carboxylase step rather than at the fatty acid synthetase step, the effect of magnesium on the incorporation of malonyl-CoA was also studied. As can be seen from Table 4 , neither manganese nor magnesium enhanced the synthesis of fatty acids from malonyl-CoA. In fact, they inhibited the incorporation.
DIscussIoN
The large number of compounds which activate fatty acid synthesis in extracts of this strain of S. cerevisiae indicates that fatty acid synthesis in cell-free yeast preparations is subject to regulation in a manner quite analogous to that reported for animal extracts (2, 3, 7, 15) . Of these compounds, a-glycerophosphate and fructose-i ,6-diphosphate were very effective, although related compounds were also active. Since the extracts used for fatty acid synthesis were crude preparations, a number of enzymes, particularly glycolytic enzymes, undoubtedly were present. One cannot rule out the possibility, therefore, that there is only one primary activating compound among these related substances (e.g., a-glycerophosphate), and that related compounds are first metabolized to it.
It is interesting that, of the compounds related to citrate, none stimulated as well as citrate. Because the high-speed supernatants used for these experiments contained no mitochondria, and were therefore deficient in Krebs cycle enzymes, these compounds probably were not metabolized to citrate. In this connection, the stimulation by trans-aconitate is to be noted. Since this compound is an inhibitor of the Krebs cycle, its activating action on fatty acid synthesis cannot be due to the generation of Krebs cycle intermediates, but must be due to a property of the acid itself.
Although malonate has been reported to be a strong stimulator of fatty acid synthesis in rat liver and rat mammary gland extracts (3, 4), it did not stimulate fatty acid synthesis in these extracts. In fact, it appeared to be somewhat inhibitory.
In animal systems it has been shown that acetyl-CoA carboxylation is the rate-limiting step in fatty acid synthesis (6, 18) . It has also been shown in several animal systems that tricarboxylic acid cycle intermediates increase the rate of acetyl-CoA carboxylation (7, 8, 14, 16) . Similarly, we (19) have presented evidence that acetyl-CoA carboxylase is the rate-limiting step in fatty acid synthesis in extracts of S. cerevisiae, and that citrate, fructose-i ,6-diphosphate, or a-glycerophosphate stimulate the activity of this enzyme. The experiments with magnesium salts detailed above also indicate that fatty acid synthesis is stimulated in extracts of this yeast at the carboxylation step, since magnesium caused a much greater stimulation of fatty acid synthesis from acetyl-CoA than from acetate, and caused no stimulation from malonyl-CoA.
The stimulation by a-glycerophosphate and citrate of fatty acid synthesis in the crude ribo- (17) show no change in sedimentation behavior when the enzyme is present with activators in density gradients.
